We systematically measured the Hall effect in the extremely large magnetoresistance semimetal WTe 2 . By carefully fitting the Hall resistivity to a two-band model, the temperature dependencies of the carrier density and mobility for both electron-and hole-type carriers were determined. We observed a sudden increase of the hole density below ∼160 K, which is likely associated with the temperature-induced Lifshitz transition reported by a previous photoemission study. In addition, a more pronounced reduction in electron density occurs below 50 K, giving rise to comparable electron and hole densities at low temperature. Our observations indicate a possible electronic structure change below 50 K, which might be the direct driving force of the electronhole "compensation" and the extremely large magnetoresistance as well. Numerical simulations imply that this material is unlikely to be a perfectly compensated system.
The past a few years have witnessed the discovery of a series of new non-magnetic compounds with very large magnetoresistance (MR) [1] [2] [3] [4] [5] , even much larger than those traditional giant magnetoresistance (GMR) in thin film metals 6 and colossal magnetoresistance (CMR) in Cr-based chalcogenide spinels 7 and Mn-based perovskites 8 . With many potential applications in magnetic field sensors, read heads, random access memories, and galvanic isolators 9 , these newly discovered extremely large magnetoresistance (XMR) materials have attracted enormous interest. Several mechanisms have been proposed as the origin of the XMR in these materials, e.g., (i) topological protection from backward scattering mechanism, and (ii) electron-hole compensation mechanism. The former has been realized in Dirac semimetals like Cd 3 As 2 4,10 and Weyl semimetals such as T mP n (where T m = Ta or Nb, and P n = As or P) 5, [11] [12] [13] [14] [15] , while the latter stems from a multi-band effect 16 : although no net current flows in the y-direction, currents in the y-direction carried by a particular type of carrier may be non-zero. These transverse currents experience a Lorentz force that is antiparallel to the the two curves more or less overlap, whereas they apparently diverge below ∼160 K. This divergence is more significant below 20 K where R H (9 T) dramatically decreases but R H (0), on the contrary, starts to increase. All these arise from the multi-band effect in this material.
In fact, according to the recent band structure calculations 3 , ARPES 21 and SdH 22 results, the FS of WTe 2 at low temperatures consists of two electron-like sheets and two hole-like sheets on each side of the Γ-X line in the 1st Brillouin zone.
For simplicity, here we adopt a two-band model with one electron-and one hole-bands. The total conductivity tensor σ is conveniently expressed in the complex representation 3 ,
where n and µ are carrier density and mobility, and the subscript e (or h) denotes electron (or hole). Converting this equation into the resistivity tensor (ρ = σ −1 ), ρ xx and ρ xy (=−ρ yx ) are the real and imaginary parts of ρ, respectively, i.e.,
All the ρ yx (B) data measured at different temperatures can be well fitted to Eq. (2b), with n e , n h , µ e and µ h being fitting parameters. Some representative results are displayed in induced Lifshitz transition. Furthermore, we noticed that n e (T ) decreases drastically below 50 K. More interestingly, n e (T ) and n h (T ) tend to be comparable at low temperature. This is better seen in the ratio n h /n e shown in the inset to Fig. 2(d) . In particular, at 0.3 K, n e = 8.82 ×10 19 cm −3 and n h = 7.64 ×10 19 cm −3 . These values are very close to the carrier densities determined from SdH measurements 22 (See also in SM). Furthermore, T = 50 K is also the characteristic temperature below which the magnetoresistance starts to increase dramatically, see the inset of Fig. 1(b) . Thermopower measurements also exhibit a sign change from being positive to negative upon cooling through 50 K 21, 27 . Our recent ultrafast optical pump-probe spectroscopic measurements also revealed that the timescale governing electron-hole recombination, which is sensitive to the electronic structure, shows a strong anomaly at ∼50 K 28 . All these experimental results suggest a potential electronic structure change below 50 K, which is likely the direct driving mechanism of the electron-hole "compensation" and the XMR at low temperature as well. Since no systematic temperature dependent ARPES measurements have been done for temperatures below 50 K, the nature of this electronic structure change remains an open question that needs to be clarified in the future.
Finally, we realized an interesting "paradox" between the behaviors of ρ xx (B) and ρ yx (B).
According to Eq. (2a), the condition for ρ xx (B) to increase as B 2 is n e = n h , which is the case 
and the condition for a perfect electron-hole compensation changes to n e +n ′ e =n h . Nevertheless, the compensation condition still leads to the aforementioned paradox. To note, the situation can not be improved by introducing a fourth band or even more bands (data not shown). All these suggest that WTe 2 is not a purely compensated system, whereas we should admit that a slight mismatch between n e and n h does not strongly affect the XMR [Curves B and C in Fig. 3(a) ]. XMR disappears when n e and n h are severely unbalanced, seeing the curves D and E in Fig. 3(a) .
To summarize, we analysed the Hall effect in the extremely large magnetoresistance semimetal WTe 2 within a two-band model, and derived the temperature dependencies of the carrier density and mobility for both electron-and hole-type carriers. Below ∼160 K, the hole carrier density abruptly increases, consistent with a temperature-induced Lifshitz transition observed by a previous ARPES study. Moreover, the electron-type carrier density decreases sharply below 50 K, and at low temperature, the carrier densities of electrons and holes become comparable. Our results indicate a possible electronic structure change at about 50 K, which is likely to drive the electron-hole "compensation" that promotes the extremely large magnetoresistance. We also performed numerical simulations of ρ xx (B) and ρ yx (B) based on multi-band models, and our calculations suggest that this material is unlikely to be a perfectly compensated system.
